Introduction
Design and optimization of technology of creating new multicomponent inorganic materials, in particular, chalcogenides of metals are perspective functional materials in modern electronic techniques, are based on results of thermodynamic calculations. In turn, to ensure high accuracy of similar calculations is needs reliable dates on fundamental thermodynamic characteristics of corresponding phases. However, the analysis of literature data shows that unlike binary system, the thermodynamic properties of ternary and multicomponent systems are studied quite insufficiently. In our opinion, elimination of this blank wide application of electromotive forces method (EMF) -one of the most exact experimental methods of chemical thermodynamics appreciably can promote. This method is applied with the big success to the thermodynamic studying of liquid binary and ternary metal systems, which more than 70 % of the available information is concerning to EMF method. Wide application of EMF method for studying of liquid metal systems is caused not only that the specified systems are the most suitable objects of investigation by this method, but also that the mathematical apparatus of chemical thermodynamics allows to calculate strictly integrated thermodynamic functions (ITF) homogeneous binary and ternary system on the basis of values partial thermodynamic functions (PTF) one of components in wide compositions area [M. Babanly et.al, 1992; Morachevskii et.al., 2003; Wagner, 1952] . Unfortunately, specific features and conditions of application EMF method to the heterogeneous systems have not been considered in long time. In the 80th years of last century we have undertaken attempts of elimination of this blank and have developed conditions of application EMF method to heterogeneous metal and semi-conductor systems [M. Babanly, 1985 Babanly, , 1992 . In this chapter we offer the rational method of calculation integral thermodynamic functions of intermediate phases in the ternary heterogeneous systems from PTF of one of components by using of the phase diagram and thermodynamic functions of some boundary binary phases and elementary components. The EMF method with liquid electrolyte has been realized on an example over 30 systems of Thallium-Metal-Chalcogen and have been obtained complexes interconsistency thermodynamic data for the many ternary chalcogenides of thallium [M.Babanly et.al, 1992] .
However, it is known, that using a classical variant of EMF method with liquid electrolyte has a number of the restrictions due to with percolation of collateral processes [M. Babanly et.al, 1992; Morachevskii et.al., 2003; Wagner, 1952] . In the works [M. , N.Babanly, 2009 it is shown, that one of effective ways of expansion of possibilities of EMF method is connected with use solid cationconducting superionic conductors as electrolyte. Advantage of solid electrolytes in comparison with the liquid consists that in them conductivity is carried out by means of ions of one element, and strictly certain charge. It is, firstly, provides a constancy and stability of a charge potential forming ion which is in equilibrium with electrodes of a concentration chains, secondly, solid electrolytes plays a role of the original membrane dividing two electrode spaces and by that prevents many collateral processes due to interaction between electrolyte and electrodes, as well as through electrolyte -between electrodes. In this chapter is short considered specific features of application of EMF method to heterogeneous systems and results of thermodynamic study of ternary chalcogenides of copper and silver by EMF method with solid electrolytes Cu 4 RbCl 3 I 2 and Ag 4 RbI 5 are presented. A part of these thermodynamic data are published earlier, and some are presented for the first time.
Some features of application of EMF method to heterogeneous systems
Investigation of thermodynamic properties in homogeneous (liquid or solid state) system A-B usually consists in measurement EMF of concentration chains of type [Wagner, 1952] 
Potential definition process of such elements served reversible electrochemical transfer at constant temperature of a component A from a condition with the big chemical potential (on the left electrode) in a condition with smaller (on the right electrode). Measured EMF (E) at temperature Т is directly connected with partial Gibbs energy of a component A in an alloy relative pure element A as standard condition:
where z-charge of potentialforming ions, F -Faraday number, Е -EMF value. The relative partial molar entropy of component A in А х В 1-х phase composition can be calculate on temperature coefficient of EMF chains (1), as
Substitute (2) in (3), we receive:
The relative partial molar enthalpy can be calculated, substituting the equations (2) and (4) in Gibbs-Helmholtz equation:
www.intechopen.com 
HG T S
Thus, measuring equilibrium values of EMF of concentration chains of type (1) in a wide temperature range for various compositions of the right electrodes, it is possible to calculate relative partial molar free energy and entropy of A component in solid solution А х В 1-х at any concentration. Application of EMF method to heterogeneous systems has some features essentially unlike from homogeneous systems. In the given chapter are shortly considered these features which have allowed to planning experiments correctly at studying of heterogeneous systems what are the overwhelming majority of binary and multicomponent metal and semi-conductor alloys At investigation of solid-state alloys of binary or more difficult metal and semi-conductor systems by EMF methods should deal with the phase diagrams characterized by various combination homogeneous and heterogeneous areas. In most cases for thermodynamic investigation of phases in such systems, it is necessary to change measurements EMF of chains of type (1) in heterogeneous phase areas. However as shown in [M. Babanly et.al, 1992] , despite wide application of EMF method to binary heterogeneous systems, using of EMF measurements results in heterogeneous areas at thermodynamic calculations is not always correctly proved. If in the homogeneous system A-B the temperature coefficient of EMF of concentration chains of type (1) has physical meaning relative partial molar entropy of A component in alloy, in heterogeneous А-В mix it also reflects change of their compositions with temperature along curves two-phase equilibrium on Т-х diagram. By using the results of EMF measurements in two-phase area on Т-х diagram is limited to that, unlike relative free energy, relative partial molar entropy and enthalpy discontinuous changes on the border of one-and two-phase areas. Hence, use of results of EMF measurements of concentration chains in heterogeneous phase areas required the special analysis. Such analysis was carried out in works of [M.Babanly et.al, 1985a [M.Babanly et.al, , 1992 . We will consider some features of application EMF method to binary heterogeneous systems. The partial heterogeneous functions (PHF) method offered by G.F.Voronin [Voronin, 1976] for thermodynamic investigation of binary heterogeneous systems, allows to apply to heterogeneous mixes all mathematical apparatus of thermodynamics of solutions, keeping the form of the corresponding thermodynamic equations. Hence, having experimental data on relative partial molar functions of one of components of binary system in all composition field, including homogeneous and heterogeneous phase areas, integration of Compositions of co-existing phases in two-phase area of + are function temperature and are defined by the conjugate curves of disintegration ( fig. 1) . Therefore, differentiating equality (6) on temperature for boundary concentration of -phases () x , we will receive
From this expression taking into account Cibbs-Helmholtz equation 
The similar equations can be received also for boundary concentration of -phases () x .
The analysis of the equations (9) and (10) leads to a following important conclusion: at practically vertical borders (
It is show, that in heterogeneous + mixes and co-existing phases the partial entropy and enthalpy of A component are equal between themselves, i.e. on borders between singlephase and two-phase areas discontinuously changes are not observed EMF values of concentration chains of type (1) and constants of linear equation E=a+bT are connected with PHF equations (2), (4) and (5). Then, for two-phase alloys fairly equality
At observation of conditions (11) and (12) for two-phase alloys the equalities are carried out also
At non-observation of conditions (11) and (12) values a and b in Eab T   equation do not satisfy the equalities (14), (15) and cannot be used for calculation partial thermodynamic functions of A component. [M.Babanly et.al, 1992] were carried out the similar analysis of behavior partial heterogeneous functions (PHF) in ternary heterogeneous systems and they found, that under condition of vertical position of section borders of phase areas for two-phase equilibrium are fair equalities (11) and (12), and for three-phase area ++ -equalities
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where ,,    -limiting compositions of -, -and -phases, in the three-phase equilibrium.
Thus, at studying of heterogeneous systems by EMF method measurement it is necessary to conduct in intervals of temperatures in which limits of border of section of phase areas are practically vertical. It is a necessary condition for a calculation substantiation partial thermodynamic enthalpy and entropy from EMF measurements in heterogeneous phase areas [M. Babanly et.al, 1985b Babanly et.al, , 1992 . In the majority of ternary metal and semi-conductor systems in solid state, at temperatures considerably below temperatures melting this condition it is carried out and at correct drawing up is reversible working in the specified temperatures area of an electrochemical chain it is possible to receive experimental data on relative partial molar functions (, ,) GHS   of one of components.
[M. Babanly et.al, 1992] detailed considered schemes of calculations of integral thermodynamic functions (ITF) from corresponding partial molar value of one of components for various diagram types of a condition ternary systems under condition of vertical position of borders of section of phase areas. Considering the accepted condition about constancy of coordinates of borders of phase areas independently from temperature in a temperature interval of EMF measurements, various isothermal sections T-x-y diagrams at the specified temperatures ranges should be absolutely identical and quantitatively reflect an arrangement of phase areas on Gibbs triangle. Therefore a basis for an exact choice of limits of integration at calculations is the phase diagram. Having precisely constructed isothermal section of the phase diagram and the full information about partial molar free energy, entropy and enthalpy for calculation ITF of formation of ternary phases of any compositions, in principle, can be using all methods of thermodynamic calculations applied in thermodynamics of solutions. Nowadays, for the majority of binary semiconductor phases have reliable data on thermodynamic functions of formation, therefore the most rational way of calculations is integration of Gibbs-Duhem equation on beam sections of type А-ВуС1-у (where Acomponent which used in concentration chain as the left electrode for which are known values relative partial molar thermodynamic functions in homogeneous and heterogeneous areas) [M.Babanly et.al, 1985b [M.Babanly et.al, , 1992 . Thus the bottom limit of integration, unlike the binary systems, is not one of pure components, two-component alloy of В у С 1-у (homogeneous or two-phase) of boundary system B-C: The similar approach to calculation of integrated thermodynamic properties of ternary homogeneous systems is offered by Elliott and Chipman [Morachevskii, et.al., 2003 ].
Advantage of this way of calculation ITF consists is that, all alloys irrespective of their phase composition, are considered as independent investigation objects as in case of a two- Hagenmuller & Gool,1978; Ivanov-Shits & Murin 2000; West, 1981] . Discovery of solid electrolytes with pure ionic conductivity also has given a new impulse to thermodynamic investigations by electromotive forces method (EMF) and has allowed to extending considerably number of systems studied by this method [M. Babanly et.al, 1992] . Classical example for solid cationconducting electrolytes is high-temperature modification silver iodide -AgI, existing at temperature above 146°С. High electroconductivity (~1 Om -1 · sm -1 ) the given phase which on 4 order exceeds that for low-temperature modification -AgI have found out in 1914 year by Tubandt and Lorentz. In the range of temperatures from 146 to melting temperature 555°С ionic conductivity of -AgI monotonously increases, and even in a melting point a little bit decreases [West, 1981] . Silver iodide has appeared good basic compound for synthesis new solid electrolytes possessing high ionic (Ag + ) conductivity at room and lower temperatures. It is usually reached by addition to it of the ions which stabilizing cubic structure and interfering its transformation at low temperatures in hexagonal, close-packed on anions. 
Thermodynamic investigation of the ternary chalcogenides based on copper and silver by EMF method with solid-state electrolytes
Chalcogenides of copper and silver with р 1 -р 3 elements [Max Plank Institute, 1992 -1995 M.Babanly et.al, 1993; Shevelkov, 2008] have the practical interest as functional materials of electronic techniques (photoelectric, thermoelectric and magnetic semiconductors, superconductors, superionic conductors etc.). Phase equilibriums in the specified systems are studied in the many works which are results are periodically systematized and critically analyzed in a number of handbooks and monographies [Max Plank Institute, Stuttgart, 1992 -1995 M.Babanly et.al, 1993] .
For investigation solid-phase equilibria in the systems A-B-X (A-Cu, Ag; B-elements of subgroups of gallium, germanium, arsenic; X-S, Se, Te) and thermodynamic properties of ternary compounds formed in them we had been made concentration chains of types:
(-) Cu (solid) | Cu 4 RbCl 3 I 2 (solid) | (Cu in alloy) (solid) (+)
(-) Ag (solid) | Ag 4 RbI 5 (solid) | (Ag in alloy) (solid) (+)
The equilibrium alloys from various phase areas of the above-mentioned systems served as the right electrodes. The compound Cu 4 RbCl 3 I 2 synthesized by melting stochiometric amounts of chemically pure, anhydrous CuCl, CuI and RbCl in evacuated (10 -2 Pa) quartz ampoule at 900 K with the cooling to 450K and annealed at this temperature for 100 h. Ag 4 RbI 5 synthesized from chemically pure RbI and AgI by a technique [West, 1981] : stochiometric mix initial iodides have co-melted in evacuated quartz ampoule (~10 -2 Pa) and then quickly cooled to a room temperature. At cooling melt crystallizes in fine-grained and microscopic homogeneous state and then annealed at 400K for 200 h. Obtained cylindrical ingots in diameter ~8mm cuts like pellets in the thickness of 4-6 mm which used as solid electrolyte in chains of types (21) and (22). The elementary copper and silver served as left electrodes and the right electrodes pre-synthesized and annealed alloys of investigated systems from various phase areas.
Compositions of alloys have been chosen from data on phase equilibrium. For preparation of the right electrodes annealed alloys grinded as powder, and then pressed as pellet in weight of 0,5-1 gram. The electrochemical cell of type in fig. 3 has filled with argon and has placed in the tube furnace, where it held at ~380К for 40-50 hours. Cell temperature measured by chromelalumel thermocouples and mercury thermometers with accuracy0,5 0 С. Fig. 3 . The electrochemical cell for EMF measurement of chains of type (4.1) and (4.2). 1-glass block; 2-cover; 3-platinium wires; 4-platinium plates; 5-copper (silver) plate; 6-solid electrolytes; 7-investigated alloy (the right electrode); 8-thermocouple, 9-clip [M. Babanly, et.al. 2009 ].
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Here  -standard deflection). In the present work n20, that at confidential level of 95 % leads to t2 [Gordon, 1976] . The accepted equations of temperature dependences of EMF according to the recommendation of [Kornilov et.al, 1972 ] are presented as:
From the accepted equations of type on relations (13) - (15) calculated relative partial molar free Gibbs energy, enthalpy and entropy of copper (silver) in alloys at 298K. The Cu-Tl-Te system is studied by EMF measurement of concentration chains of type (21) in the Tl 2 Te-Cu 2 Te-Te composition field and with taking into account literature data [Max Plank Institute, Stuttgart, 1992 -1995 M.Babanly, 1993 ] the fragment of the solid phase equilibrium diagram ( fig. 4 ) is constructed. In fig.4 we can see, that in the specified compositions fields five ternary compounds are formed. Compound CuTl 4 Te 3 forms continuous solid solutions () with Tl 5 Te 3 . Areas of homogeneity of other ternary and binary compounds of the system are insignificant. The EMF measurements of chains of type (21) have shown that values of electromotive forces in each three-phase areas on fig. 4 are constant irrespective of total composition of alloys and in discontinuous change on their borders, and in two-phase area TlTe+ and within homogeneity area -phases continuously change depending on composition of last. Reproducibility of EMF measurements and conformity of sequence of their change in investigated system the thermodynamic conditions (impossibility of reducing of EMF values www.intechopen.com Table 2 . The relative partial thermodynamic functions of copper in Cu-Tl-Те alloys at 298 К. Babanly et.al, 1993.] and Cu 4 Te 3 [Abbasov, 1981] , also standard entropy of copper and tellurium [Yungman, 2006] From EMF measurements of concentration chains of types (21) and (22) the standard thermodynamic functions of formation and standard entropy of some ternary chalcogenides of copper (tab. 4) and silver (tab. 5) are calculated. Herein, some data are published for the first time, which are the sources do not show. In the tab.4 and 5 also presence the thermodynamic functions of thallium containing ternary compounds of copper and the silver which are obtained by EMF method with liquid electrolyte (Italic font). The data presented in tables strongly differ on errors. It is due to with different errors of thermodynamic functions of the binary compounds which are recommended in the handbooks [M.Babanly et.al, 1992; Кubaschewski, 1993; Mills, 1974 , Yungman, 2006 
Conclusion
The results of this chapter show that Cu + and Ag + conducting superionic conductors can be successfully applied as solid-state electrolyte in the thermodynamic studies and specification of solid-phase equilibria diagrams of ternary copper -and silver containing systems by EMF method. Unlike from classical variant of EMF method with liquid electrolyte they allow to investigate also the systems containing high electrochemical active component than copper or silver (in our case, thallium). It is due to that the solid-state electrolyte, unlike liquid, prevents percolation of collateral processes (interaction of electrodes with electrolyte and through electrolyte among themselves) and by that allows to obtain reproduced data for irreversible in classical understanding of concentration chains. The specified advantage solid-state cation-containing systems by EMF methe of formation and standard entropy of some ternary chalcogenides of silverrnary phases have been conducting electrolytes allows to essentially expanding a circle of the systems investigated by EMF method.
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